Summary
Introduction
Asthma, one of the most common chronic illnesses in the United States, has reached historically high national prevalence rates (i.e., 9.5% for children aged ≤18 years) (1, 2) . Furthermore, racial/ethnic disparities in asthma prevalence are substantial (1, 2) . Evidence from national randomized clinical trials (3) (4) (5) (6) , previous models of culturally sensitive care (6) (7) (8) (9) , and National Asthma Education and Prevention Program 2007 guidelines (10) indicates that comprehensive community-based approaches are highly effective in reducing environmental allergens, missed school days, and emergency department (ED) visits, as well as increasing symptom-free days. The Guide to Community Preventive Services also recommends home-based education and interventions to reduce home environmental triggers of asthma, as well as asthma education and social supports to improve outcomes for children with asthma (11, 12) . Quality improvement evaluation approaches have been developed that can monitor multifactorial interventions to improve outcomes such as ED visits and hospitalizations for asthma (13) that are consistent with the national guidelines (10) . All levels of the socioecological model, including interventions involving individual persons, communities, and systems (e.g., health care payment reform to allow for sustainable funding for programs such as CAI), are essential for improving health outcomes (14, 15) . Asthma can be managed effectively when children and families receive asthma education, understand medications, live in healthy housing, and have a system of coordinated care in place (16, 17) . Multiple social determinants of health contribute to asthma disparities: low household income; environmental inequities (e.g., outdoor air pollution and substandard housing) and living in poor communities (18, 19) ; exposure to pests, mold, air pollution (including secondhand smoke); and high levels of stress due to community violence (20) . Major barriers to health care access in poor communities include lack of adequate health insurance coverage, overwhelmed clinics, shortages of culturally and linguistically competent providers, and low health literacy (21) (22) (23) (24) .
Asthma was the leading cause of hospitalization at Boston Children's Hospital (referred to as Boston Children's) in Boston, Massachusetts (Boston Children's, unpublished data, 2003), which suggested an important area for pediatric care improvement. The substantial prevalence of pediatric asthma in Boston, Massachusetts, also was reflected in a [2003] [2004] surveillance study of asthma prevalence in Massachusetts schools (grades kindergarten through 8), which indicated that the overall asthma prevalence in Boston schools was 16%, with five Boston schools reporting rates of >24% (25). In 2004, rates of asthma-related hospitalizations among children aged <5 years in Boston were almost five times higher for nonHispanic black children (referred to as black in this report) (14.2 per 1,000 population) and Hispanic children (14.1 per 1,000) compared with non-Hispanic white children (referred to as white in this report) (2.9 per 1,000) (26). Seventy percent of the children hospitalized for asthma at Boston Children's were from five Boston neighborhoods (Boston Children's, unpublished data, 2003) with higher rates of poverty (census block groups with ≥20% of the population living below the federal poverty level) and primarily black and Hispanic populations (census blocks groups in which blacks, Hispanics, or both comprise ≥50% of the population).
The Community Asthma Initiative (CAI), which is based at Boston Children's, is an enhanced model of care in which nurses and community health workers (CHWs) provide communitybased asthma case management and home visits. CAI was developed to decrease asthma morbidity for children aged 2-18 years with poorly controlled asthma. Before the initiation of the CAI program, Boston Children's Office of Community Health had conducted a 2-year community needs assessment using a community participatory approach, which identified asthma as an important area for intervention. CAI initially focused on children living in four ZIP codes of the Roxbury and Jamaica Plain neighborhoods of Boston that had high rates of poverty and asthma and were near Boston Children's and the hospital's community health center ( Figure 1) (27, 28 CDC's Office of Minority Health and Health Equity selected the intervention analysis and discussion that follows to provide an example of a program that might be effective in reducing asthma-related disparities in the United States. Criteria for selecting this program are described in the Background and Rationale for this supplement (29) .
Methods

Intervention Methods
CAI hired bicultural, Spanish-speaking CHWs to provide enhanced asthma care to families through case management and home visiting services. Case management services included working with landlords, property managers, and the public housing authority on housing code violations such as pests and mold; referrals to City of Boston Inspectional Services, legal services, food pantries, and smoking cessation resources; and assessment of eligibility and assistance obtaining benefits and services, such as food stamps, Medicaid, shelter or day care placement, and tutoring. Home visits involved 1) individualized asthma education, care coordination, and connection to primary care, asthma specialists, and community resources; 2) home environmental assessment and remediation with provision of allergen-proof bedding encasements and high-efficiency particulate air (HEPA) filter vacuum cleaners; 3) education regarding use of green cleaning methods, such as use of low volatile organic compound (VOC) products; 4) integrated pest management (IPM) materials and instruction and referrals to Boston Inspectional Services Department as needed to address state sanitary code violations (30); 5) visits by a private IPM company when necessary; and 6) encouragement of smoking cessation among parents and guardians and of smoke-free homes.
The program partnered with local organizations providing care for children, including state and city public health agencies, community health centers, Boston Public Schools, Head Start, after-school programs, the Boys & Girls Clubs of America, and the Greater Boston Young Men's Christian Association (YMCA) to address social determinants of health that affect asthma and to promote system change beyond what can be performed in the individual home. This included collaboration among local and regional asthma healthy housing and healthy schools coalitions to address indoor air quality in schools and homes (31) and among regional and national agencies to develop a business case and educate legislators and insurers about outcomes and costs for this enhanced approach to care. CAI has active community and family advisory boards, which contributed recommendations that have been incorporated into the program.
Data Collection and Analysis
Longitudinal Evaluation of CAI Participants
Nurses reviewed administrative logs of ED visits and hospitalizations and identified children with asthma-related diagnoses. The enrollment event was defined as an ED visit or hospitalization for an asthma exacerbation as reflected in the primary or secondary diagnosis. Enrollment criteria included the following:
1. (10) , which take into account frequency of day and nighttime coughing, wheezing, and shortness of breath and interference with normal activities such as exercise, frequency of use of short-acting bronchodilators, and number of exacerbations requiring oral systemic corticosteroids Eligible participants were seen face-to-face during hospitalizations or contacted by telephone, and all were offered the full range of CAI services. Intervention participants were enrolled in the program during October 1, 2005-March 31, 2012, which includes the initial pilot in Roxbury and Jamaica Plain and subsequent expansion of the program to other Boston ZIP codes. This is a larger case management sample than analyzed previously (27, 28) . Nurses, CHWs, or both documented participant adherence to medication and treatment plans, as well as home environmental findings, using an assessment tool adapted from the National Center for Healthy Housing Pediatric Environmental Home Assessment form (34) .
Data were collected by parent/guardian report via faceto-face interviews in the hospital or by telephone as part of clinical care (reflecting back 6 months) at three time points: enrollment (i.e., enrollment date, which is referred to as baseline for the case management data in this report), 6 months after enrollment, and 12 months after enrollment. These data included daytime and nighttime asthma symptoms (defined as coughing, wheezing, or shortness of breath in the past 2 weeks), missed school days (defined as school absences due to asthma in the past 6 months), missed parent/guardian workdays (defined as work absences due to the child's asthma in the past 6 months), days of limitation of physical activity (defined as the need to slow down or stop playing due to asthma in the past 2 weeks), and number of ED visits and hospitalizations (defined as those with asthma exacerbation with or without status asthmaticus as the primary or secondary diagnosis). An attrition analysis was performed comparing initial demographic variables at baseline, 6 months, and 12 months. Number of events (ED visits or hospitalizations) or days (of missed school, of missed parent/guardian workdays, or limitation of physical activity) were treated as dichotomous (zero versus one or more) or continuous variables. The percent decrease was calculated as the baseline value (number of events or days) minus the follow-up value divided by the baseline value. McNemar's test was used for dichotomous variables, and paired t-tests and general linear model repeated measures analysis were used for continuous variables. Results were considered significant at p<0.05. A geographic information system (GIS) analysis of census block distribution of intervention participants examined the relationship between asthma and neighborhood demographics, including federally defined poverty areas, in which ≥20% of the population lives below the federal poverty level (32, 33) , and neighborhoods that are predominantly black, Hispanic, or both. Boston Children's Institutional Review Board approved the evaluation and access to case management data and hospital administrative databases with a waiver of consent for the enhanced clinical care program.
Comparison of CAI Children with Those in Similar Neighborhoods
The first 33 months of CAI (October 1, 2005-June 30, 2008) were a pilot period, with services limited to four ZIP codes representing Jamaica Plain and Roxbury (after which point enrollment was extended to other ZIP codes in Boston). This initial pilot design allowed early CAI intervention participants to be compared with children in four other ZIP codes in the demographically similar Boston neighborhoods of North Dorchester and South Dorchester, where the intervention was not yet taking place (27, 28) . Both the intervention group and the comparison group included patients at Boston Children's who had previous asthma-related ED visits or hospitalizations, and the hospital administrative database was used to collect information on ED visits and hospitalizations for both these groups based on the enrollment date for CAI participants and an index date within a similar date range for the comparison group. A correlation analysis was performed to compare parent/guardian reports with hospital administrative data in the intervention group.
Paired t-tests were used to compare total asthma encounters 1 year before and 1 year after the enrollment date within the CAI group, and 1 year before and 1 year after an index date within the comparison group (within-group comparisons) to assess changes in ED visits and hospitalization encounters. Because the comparison group did not have an enrollment date, an index date was chosen for them as the first time the child had an ED visit or hospitalization for asthma during The 1-year gap between these periods was chosen so that there would be no overlap between 1-year back analyses and new participant selection. Unpaired t-tests were used to compare the decrease in ED visits or hospitalizations from 1 year before to 1 year after the enrollment/index visit date between the CAI participants and the comparison group. To address concerns about normality of the data, nonparametric counterpart tests also were performed as appropriate. In addition, to examine the regression to the mean effect, an analysis of covariance (ANCOVA) analysis was performed to control for this effect.
Results
Longitudinal Evaluation of CAI Participants
During October 1, 2005-March 31, 2012, a total of 908 children were enrolled in the CAI program, which is a larger sample than the sample included in previous publications (27, 28) (Table 1) . Of these, 56% were male, 45% were black, 47% were Hispanic, and 25% spoke only Spanish. The average age was 7.3 years (standard deviation [SD]: 4.4; range: 1-21 years); 72% were Medicaid recipients, and 65% had a household income of <$25,000 (as reported by the parent/ guardian). At enrollment, 56% of participants were seen face-to-face during their hospitalization. For the 2005-2012 longitudinal evaluation, the attrition analysis showed no differences in demographic variables for the baseline, 6-month, and 12-month follow-up groups (Table 2) .
After enrollment, 76% of participants had at least one home visit, including 689 nurse visits, 305 CHW visits, and 190 combined nurse and CHW visits (Table 3) . Home environmental assessments revealed the following risk factors in households on the first visit: 51% had clutter and dust; 41%, volatile organic compounds; 38%, carpeting; 36%, rodents; 26%, pets; 19%, environmental tobacco smoke; 17%, mold; and 12%, cockroaches. IPM services were required for 5% of families because they had extensive infestations.
At 12 months, significant decreases were found in the dichotomous outcomes of participants with any (one or more) asthma-related hospitalizations (79% decrease), ED visits (56% decrease), missed school days (42% decrease), missed parent/guardian workdays (46% decrease), and days of limited physical activity (29% decrease) ( Table 4 ). The continuous variables for the decrease in number of asthma-related events or days for these same health outcomes demonstrate significant improvement at follow-up (Table 5 ). GIS mapping showed that 66% of families enrolled in CAI lived in a poverty area, and 74% of families lived in areas that were primarily black, Hispanic, or both (Figure 2 ).
Comparison of CAI Children with Those in Similar Neighborhoods
No significant differences between the intervention and the comparison groups were found in demographic variables (Table 6 ). In the comparison of CAI intervention participants enrolled during the pilot period with children from similar neighborhoods, the mean number of patient hospitalizations for asthma among CAI participants (N = 268) during the pilot period demonstrated a greater decrease between 1 year before and 1 year after the enrollment date compared with the children in the comparison group (N = 818) (Figure 3) . The decrease in mean number of asthma-related hospitalizations per child among CAI participants between 1 year before the intervention and 1 year after the intervention was 0.32 hospitalizations per child (p<0.001), and the decrease in the mean number of hospitalizations for asthma per child in the comparison group was 0.16 (p<0.001). A significantly greater decrease occurred in mean number of hospitalizations per child for the intervention group compared with the comparison group from 1 year before to 1 year of follow-up (difference = 0.16 hospitalizations per child, p<0.001).
In contrast, the decrease in mean number of asthma-related ED visits per child among CAI participants (0.45 fewer ED visits per child, p<0.001) was similar to the decrease in the comparison group (0.49 fewer ED visits per child, p<0.001), with no significant difference in decrease in ED visits between the two groups (difference = 0.04 ED visits per child, p = 0.49) (Figure 3 ). For the intervention group, the correlation was high between parent/guardian reports in the case management data and Boston Children's administrative data for hospitalizations (r = 0.90) and ED visits (r = 0.85).
Community Partnerships
Boston Children's has worked with the Asthma Regional Council of New England, which is a program of Health Resources in Action that receives funding from the U.S. Department of Health and Human Services and the U.S. Environmental Protection Agency (EPA), and faculty from the University of Massachusetts Lowell to develop a business model for home visit programs for patients with high-risk asthma. The 2010 version includes CAI outcomes and cost analyses (35) . In addition, CAI is a member of the Boston Asthma Home Visit Collaborative, convened by the Boston Public Health Commission, which receives funding from EPA and others to share best practices among public health, hospital, health center, payer, and community-based organizations of a nursesupervised CHW model of home visits using a standardized, evidence-based protocol. CAI provided outcome and cost data to the Boston Children's Office of Government Relations and community partners to educate decision-makers and make a case for the potential benefits of a bundled payment pilot project for patients with high-risk asthma within the Massachusetts Medicaid program (31, 36) . Boston Children's was recently designated as one of three sites in Massachusetts approved to participate in this pilot; implementation will begin pending an agreement with The Commonwealth of Massachusetts Executive Office of Health and Human Services.
Limitations
The findings in this report are subject to at least three limitations. First, this evaluation was not a randomized controlled trial, and the contributions of individual components of the program to outcomes were not evaluated. However, national evidence indicates that a comprehensive approach is most effective to address asthma triggers and medication adherence (3) (4) (5) (6) (7) (8) (9) . Second, 35% of respondents were lost to follow-up by parent report, and potential biases might have been introduced. However, hospital administrative data were used to provide follow-up and outcome information for all participants, as long as they returned to Boston Children's for subsequent visits. Finally, data obtained from parent/ guardian report might be affected by recall and social response biases. Although hospital administrative data provide accurate information about hospitalizations and ED visits at one institution, these data do not include information on patients who go elsewhere for emergency care. Data collected through parent/guardian reports and from the hospital administrative data were similar in terms of hospitalization and ED visits, indicating that most subsequent events are captured by the hospital administrative data. Access to insurance data will be helpful for evaluating health outcomes and costs due to care among various institutions, as well as all levels of care including primary care visits and pharmacy use.
Discussion
The CAI model includes home visits with tailored asthma education, case management, and home environment assessments with remediation by nurses, CHWs, or both. Bicultural and Spanish-speaking staff members provided linguistically and culturally sensitive care. The nurses and CHWs worked closely with families of children with asthma to increase follow-up with primary care and specialty providers, obtain and understand an up-to-date asthma action plan, and increase use of urgent care facilities earlier in the course of an asthma exacerbation, rather than waiting to have an even more serious exacerbation treated at an ED. For the majority of families, home environmental remediation was a needed service; parts of Boston have older housing and poor conditions, with substantial mouse and cockroach infestations and mold. HEPA filter vacuum cleaners and bedding encasements were provided to all families due to the high levels of inhalant indoor allergens, combined with the strong prevalence of allergies among enrolled children. IPM supplies and interventions were provided as needed.
The CAI model includes all components of the chronic care model, including addressing patient safety, cultural competency, care coordination, community policies, and case management, for improving the care of patients and families living with a chronic illness (37, 38) . GIS mapping demonstrated that most families lived in Boston census blocks with high poverty levels and in census blocks with populations that were ≥50% black, Hispanic, or both. Some changes over time might be a result of regression to the mean; for example, an initial event such as a hospital admission might be an outlier, and the participant might never be admitted again. However, the ANCOVA model with a comparison population accounts for baseline differences (39) as well as community effects due to changes in primary care and community education. CAI intervention participants show a significantly higher decrease in hospitalizations than the comparison group, which accounts for most of the cost savings (because the majority of cost and cost savings are a result of hospitalizations). The children in the intervention group had more hospitalizations than those in the comparison group in the year before their enrollment/index visit ( Figure 3) . Therefore, the number of ED visits might have been more difficult to influence in the intervention group because children with past hospitalizations might have been those with the most severe asthma symptoms. Accessing insurance claims data is the next step toward expanding the analyses in this report to include a full cost analysis by accounting for all potential events and costs, including costs at other facilities and pharmacies.
Because of the demonstrated success of the pilot program, CAI expanded on July 1, 2008, to serve the comparison ZIP codes and other low-income neighborhoods in Boston. CAI was one of multiple sites for the New England Asthma Regional Council's Centers for Medicare and Medicaid Services Innovation grant to assess the cost effectiveness of CHW home visits with nurse supervision. A major goal of this grant was to work with payers to develop a sustainable funding model, allowing for ongoing services at current sites as well as the potential expansion of services to more patients regionally. In addition, CAI partnered with the American Academy of Pediatrics to replicate CAI in Birmingham, Alabama, and to develop a replication manual (40) . UMass Memorial Medical Center in Worcester, Massachusetts, has replicated the program as well.
Conclusion
CAI has significantly reduced asthma morbidity among black and Hispanic children in Boston. Data from parent/guardian Abbreviation: CI = confidence interval. * Data were collected by parent/guardian report via face-to-face interviews in the hospital or by telephone as part of clinical care (reflecting back 6 months) at three time points: enrollment (i.e., enrollment date, which is referred to as baseline in this report), 6 months after enrollment, and 12 months after enrollment. † Number of emergency department visits and hospitalizations: those with asthma exacerbation with or without status asthmaticus as the primary or secondary diagnosis; missed school days: school absences due to asthma in the past 6 months; missed parent/guardian workdays: work absences due to the child's asthma in the past 6 months; days of limitation of physical activity: the need to slow down or stop playing due to asthma in the past 2 weeks. Abbreviation: CI = confidence interval. * Number of emergency department visits and hospitalizations: those with asthma exacerbation with or without status asthmaticus as the primary or secondary diagnosis; missed school days: school absences due to asthma in the past 6 months; missed parent/guardian workdays: work absences due to the child's asthma in the past 6 months; days of limitation of physical activity: the need to slow down or stop playing due to asthma in the past 2 weeks. † N = 908 at baseline, n = 404 at 6 months, and n = 333 at 12 months. § Number of emergency department visits, hospital admissions, missed school days, parent missed workdays, days of limited physical activity at 6 and 12 months subtracted from the value for baseline (6 months before enrollment) divided by the baseline. All differences are significant (p<0.001); p values are based on t-tests. reports indicate a decrease in number of children with any (one or more) asthma-related hospitalizations and emergency department visits, and hospital administrative data indicate a decrease in mean number of asthma-related hospitalizations. The CAI model has been replicated in other cities and states, with adaptations to local cultural and system variations. Ongoing efforts for CAI and partners have included greater use of CHWs for home visits to decrease program costs and provide additional cultural and linguistic competency. Strong partnerships with public health, community, and housing agencies have allowed CAI to incorporate health outcomes and cost analyses into the business case to promote systemic changes locally and statewide to reduce asthma morbidity. 
